Because of their widespd e nce ad bsani biologi activity, halnatred aromaitic hydrocarbons such as polychlorinated biphenyls (PCBs) (1, 2) . This receptor controls the induction of hepatic cytochrome P4501A1 and associated aryl hydrocarbon hydroxylase (AHH) and 7-ethoxyresorufin O-deethylase (EROD) activities (3) (4) (5) . Moreover, the relative affinity of individual PCBs, PCDFs, and PCDDs for the receptor has been correlated with many toxic responses such as thymic atrophy, body weight loss, immunotoxicity, and acute lethality (1) (2) (3) (4) (5) (6) (7) (8) .
Because of the importance of the AhR in determining toxicity, there has been a number of attempts to model the relationship between receptor binding and structure of xenobiotic chemicals. The simplest models are based on planar-chemicals, such as PCDDs, and propose that planar ligands which fit into a 3 by 10 A rectangle bind more tightly than nonplanar chemicals (1) . Recent comparative molecular field analyses by Waller and McKinney (9, 10) suggest that AhR ligands could be approximately [12] [13] [14] A in length and 5 A in depth (z-axis). Based on these models (1, 9, 10) , PCDFs are expected to behave similarly to PCDDs; however, except for planar PCB congeners, the affinity of most PCBs should be much lower than that of PCDDs.
Building on this modeling construct, there have been a number of attempts to develop reasonable quantitative structure activity relationship (QSAR) models for the binding affinity of chemicals to the AhR Safe and co-workers (2, 8) developed linear free-energy relationships involving substituent constants and indicator variables for PCB affinity data (4, 8) and conduded that steric factors probably do not play a significant role in the interaction at the AhR binding site, except in the case of large substituents such as C6H5, n-C4H9, and t-C4H9. Moreover, these authors were the first to suggest that the absolute planarity of PCBs might not be required for effective binding. This hypothesis was supported by ab initio quantum mechanical calculations and crystallography studies that suggested polarizability and electronacceptor properties of the ligands, rather than size and planarity (or coplanarity), can control the affinity of binding to the AhR (11) (12) (13) (14) (15) (16) (17) (18) .
More extensive efforts to develop QSARs for AhR binding have incorporated dispersion interactions between the receptor and aromatic xenobiotics (10, (19) (20) (21) . In these models, the equilibrium binding constants for AhR interactions are related to the molecular polarizability and chemical-toreceptor separation distances. The importance of a stacking process in binding to the AhR has also been proposed to explain the binding of PCBs when the phenyl ring with the greatest degree of chlorination is assumed to be parallel with the receptor (approximated by a porphyrin moiety) and the plane of the other phenyl ring is rotated to a minimum energy conformation consistent with quantum-mechanical calculations. This model, developed by varying the overall distance from the receptor to optimize the correlation with experimental data, gives a good qualitative picture of the binding process.
Finally, it also has been hypothesized (9, 20, 21 ) that chemicals such as PCBs act as electron acceptors in charge-transfer interactions with the AhR, not only through the aromatic rings but also through chlorine or other substituents. In considering that the most polarizable chlorine atoms in PCBs are those in the lateral positions, a second charge transfer interaction, or cleft binding, between these lateral chlorine atoms and putative electron donor regions that likely constitute the interior pockets in the receptor has been proposed (7, 22) . Tables 1 and 2 (2, 4, 8, 24 (23, (25) (26) (27) where n is the number of conformers (the number of actual compounds from which the conformers were generated is given in parentheses), r2 is the coefficient of determination, s2 is the variance, F is Fisher's criterion, and r?v2 and s 2 are the corresponding statistics for the "leave one out" cross-validation analysis (36 The negative coefficient between GIW and the positive coefficients with log P and Lmax are consistent with the assumption that the cleft type of binding is influenced by interaction with the lateral (meta-and para-) chlorine atoms (7, 9 PCBs in group B. Group B contains tetrachlorobiphenyl with an array of para substituents on the second ring having widely varying polarity and electron acceptor properties. The substituents include H, Cl, Br, I, OH, OCH3, NO2, COCH3, NHCOCH3, C6H , CH(CH3)2, F, CF3, CH3, C2H5, I-C H , n-C4HA, and t-C4H9. The variance in gylrophobicity in group B is large enough that log P should be an important independent variable. Indeed, in the subset containing the most planar, optimized conformers, log P and local metaand para-electron acceptor properties of the second biphenyl ring were significant descriptors. The correlations obtained for these models were higher than the r2 = 0.55 associated with the models reported by Safe and co-workers (2, 8) . Models with log P and acceptor superdelocalizability at the 3' and 5' meta positions (S3,N and S5 N) resulted in an r2 = 0.63 and s2 = 0.128. The QSARs were significally improved upon elimination of the 30% most energetic conformers (i.e., inclusion of those populating the 70% E-level) from the subset of the most planar structures. This is summarized in equations 10 and 11, and illustrated in Figure 2 . While equations 10 and 11 seem different from those derived for PCBs in group A in that ELUMO is not as important, this was not unexpected because the constant highly chlorinated ring for PCBs in group B suggests that the stacking interaction also would be constant. Hence, the shift in descriptors in these equations to the local electron acceptor properties for lateral positions supports the concept that, for molecules that cannot achieve total planarity, charge transfer at those positions influences binding through putative cleft type interactions with AhR.
The electronic and hydrophobic effects were found to be essentially orthogonal, with a covariance of 0.28 (log P/S3 The analysis has also shown that developing quantitative mechanistic models for the binding affinity of even modestly heterogeneous sets of chemicals is limited by the ability of current methods to quantify structure. The fact that optimized structures often give less statistically robust results in QSARs than nonoptimized structures suggests that considerable effort needs to be made in understanding the geometry optimization algorithms within large families of chemicals. The importance of solution and receptor effects on selecting conformations for deriving stereoelectronic descriptors is critical and also requires further study. Finally, the QSARs presented herein have shown subtle preferences among the steric and the electron acceptor parameters, most of which are sensitive to the chemicals selected for study. Thus, we also plan to extend this QSAR analysis to include AhR binding data generated for other chemicals.
